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PRODUCTION   AND   DISTRIBUTION   OF  EXPLOSIVES   IN  THE 
UNITED  STATES  DURING  THE  CALENDAR  YEAR  1916. 


Compiled  by  Albert  II.  Fay. 


INTRODUCTION. 

The  total  production,  excluding  exports,  of  explosives  in  the  United 
States  during  the  calendar  year  1916,  according  to  figures  that  the 
Bureau  of  Mines  has  received  from  manufacturers,  was  505,415,052 
pounds  (252,70s  short  tons),  as  compared  with  460,900,796  pounds 
(230,450  short  tons)  in  1915. 

The  production  for  1916  is  segregated  as  follows:  Black  powder, 
215,575,025  pounds;  "high"  explosives  other  than  permissible  ex- 
plosives, 255,154,787  pounds;  and  permissible  explosives,  34,685,240 
pounds.  These  figures  represent  an  increase  of  17,852,725  pounds  of 
black  powder,  19,326,200  pounds  of  high  explosives,  and  7,335,331 
pounds  of  permissible  explosives,  as  compared  with  figures  for  1915. 

As  explosives  are  essential  to  mining  and  the  use  of  improved  types 
of  explosives  tends  to  lessen  the  hazards  of  this  industry,  the  Bureau 
of  Mines  has  undertaken  the  compilation  of  information  showing  the 
total  amount  of  explosives  manufactured  and  used  in  the  United 
States.  Its  first  report,  Technical  Paper  69,  deals  with  the  year  1912; 
the  second,  Technical  Paper  85,  with  the  year  1913;  the  third,  Tech- 
nical Paper  107,  with  the  year  1914;  and  the  fourth,  Technical  Paper 
159,  with  the  year  1915.     This  report  for  1916  is,  therefore,  the  fifth 

of  the  series. 

CLASSIFICATION  OF  EXPLOSIVES. 

The  production  figures  tabulated  herein  are  classified  as  follows: 

1.  Black  blasting  powder. — All  black  powder  with  sodium  or  potas- 
sium nitrate  as  a  constituent  is  here  classified  as  black  blasting 
powder. 

2.  High  explosives. — Dynamite  and  all  other  high  explosives  of 
various  trade  names  and  compositions,  except  permissible  explo- 
sives, are  put  in  this  class. 

3.  Permissible  explosives. — In  this  class  are  included  ammonium 
nitrate  explosives,  hydrated  explosives,  organic  nitrate  explosives, 
and  certain  nitroglycerin  explosives  containing  an  excess  of  free  wa- 
ter or  carbon.  All  permissible  explosives  have  passed  certain  tests 
of  the  Bureau  of  Mines  and  are  not  to  be  regarded  as  permissible 
unless  used  in  the  manner  specified  by  the  bureau. a 

a  Hall,  Clarence,  Snelling,  W.  O.,  and  Howell,  S.  P.,  Investigations  of  explosives  used  in  coal  mines, 
with  a  chapter  on  the  natural  gas  used  at  Pittsburgh,  by  G.  A.  Burrell,  and  an  introduction  by  C.  E.  Mun- 
roe:  Bull.  15,  Bureau  of  Mines,  1912,  197  pp. 

Hall,  Clarence,  and  Howell,  S.  P.,  Tests  of  permissible  explosives:  Bull.  66,  Bureau  of  Mines,  1913, 313  pp. 
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SCOPE  OF  STATISTICS. 

Table  1  shows  the  quantity  of  explosives  used  in  each  State 
during  the  calendar  years  1915  and  1916. 

Tables  2,  3,  and  4  show  the  total  production  and  uses,  by  groups 
of  States,  of  black  powder,  high  explosives,  and  permissible  explo- 
sives. The  States  are  grouped  so  as  to  include  regions  where  the 
general  conditions  of  mining  are  more  or  less  similar. 

Table  5  shows  the  rapid  increase  in  the  production  and  sale  of  per- 
missible explosives  for  use  in  coal  mines.  In  1902  only  11,300  pounds 
of  short-flame  or  " safety"  explosives  were  used  in  coal  mining, 
whereas  in  1916  the  quantity  of  permissible  explosives  so  used  was 
26,566,521. 

The  quantity  of  permissible  explosives  used  in  the  United  States 
is  larger  than  that  of  corresponding  explosives  in  a  number  of  foreign 
countries.  In  1912  it  represented  about  5  per  cent  of  the  total  quan- 
tity of  explosives  produced,  and  in  1916,  6.9  per  cent.  The  total 
amount  of  explosives  used  for  the  production  of  coal  in  1916  was 
224,443,951  pounds,  of  which  over  11  per  cent  was  of  the  permissible 
class,  as  compared  with  approximately  the  same  percentage  as  in 
1915. 

Table  6  gives  the  quantities  of  permissible  explosives  used  for  coal 
mining  in  the  various  coal  fields.  The  table  shows  that  in  1916  about 
77  per  cent  of  the  permissible  explosives  manufactured  were  used  for 
coal  mining.  The  remaining  23  per  cent  was  reported  under  the 
items  il Other  mining"  and  "All  other  purposes,"  as  indicated  in 
Table  4. 

The  figures  for  1916  represent  the  reports  of  29  manufacturers 
who  operated  their  various  plants  during  the  year.  In  many  cases 
the  manufacturer  operated  more  than  one  plant,  so  that  the  above 
number  does  not  necessarily  indicate  the  total  number  of  plants. 
The  number  of  manufacturers  reporting  sales  of  black  powder  was 
27,  of  high  explosives  23,  and  of  permissible  explosives  14.  A  number 
of  other  companies  reported  their  plants  as  having  been  idle  during 
the  year,  or  as  having  been  sold  to  other  manufacturers. 

The  reports  of  manufacturers  of  fireworks  and  of  ammunition  are 
not  included,  inasmuch  as  the  majority  of  these  manufacturers  pur- 
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chase  their  explosives  from  one  or  more  of  the  manufacturers  of 
explosives  whose  production  has  been  included  in  the  tabulations 
presented  herein. 

PRODUCTION  AND  DISTRIBUTION  OF  EXPLOSIVES. 

The  production  and  use  of  explosives  in  the  United  States  are 
given  in  detail  in  Tables  1  to  6  following. 

Table  1. — Amount  of  explosives  (excluding  exports)  manufactured  in  the  United  States 
and  used  in  the  various  States  during  the  calendar  years  1915  and  1916. 


State. 


1915 


Black 
blasting 
powder. 


High  explo- 
sives other 
than  per- 
missible. 


Permissible 
explosives. 


1916 


Black 
blasting 
powder. 


High  explo- 
sives other 
than  per- 
missible. 


Permissible 
explosives. 


Alabama 

Alaska 

Arizona 

Arkansas 

California 

Colorado 

Connecticut 

Delaware 

District  of  Columbia 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New  Hampshire 

New  Jersey 

New  Mexico 

New  York 

North  Carolina 

North  Dakota 

Ohio 

Oklahoma 

Oregon 

Pennsylvania 

Rhode  Island 

South  Carolina 

South  Dakota 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Washington 

West  Virginia 

Wisconsin 

Wyoming 

Total 


Grand  total  (pounds) 


Kegs. 

188,607 

3,385 

7,339 

77,834 

78,942 

74,831 

920 

46 

10 

1,854 

15,383 

5,639 

1,151,309 

487, 052 

381, 116 

484,989 

242,056 

588 

1,957 

24,587 

6,567 

20,793 

125,713 

2,208 

146, 142 

73,746 

3,297 

1,848 

810 

3,824 

36,458 

30,313 

20,882 

12,070 

312, 155 

160,748 

26,784 

2,574,478 

398 

4,063 

3,424 

106,890 

58,124 

22,045 

12,231 

126,418 

50,525 

628,770 

6,347 

102,377 


Pounds. 

4,271,724 

4,683 


8,845 

1,206 

13,377 

8,324 

726 

58 

18 

1,434 

775 
4,783 
6,981 
2,717 
1,817 
2,843 
1,430 
1,146 

774 
1,276 

932 

26,984 

9,785 

494 

20,000 

7,461 

228 
7,008 

155 
2,597 
2,299 
9,952 
1,804 

343 

6,633 

2,522 

3,908 

31,755 

84 

311 
1,986 
3,311 
1,936 
3,875 

251 
3,733 
7,635 
3,087 
6,736 

517 


785 
785 
345 
140 
900 
878 
350 
100 
122 
025 
235 
538 
123 
306 
152 
739 
825 
608 
203 
893 
039 
271 
066 
044 
360 
665 
266 
100 
123 
450 
161 
987 
639 
779 
615 
120 
480 
632 
535 
468 
955 
296 
985 
068 
849 
266 
886 
319 
387 


Pounds. 
2,730,164 


46, 275 

33,900 

13,850 

701,925 

1,669 


2,230 
4,635 


1,584,775 

153,100 

1,650 

16,712 

663, 115 

61,650 

200 

37,500 


24,324 
10,000 
400 
33,390 
26,300 


16,150 


300 

513,100 

362,300 

500 

25 

23,375 

428,196 

600 

10,760,098 


201,078 

13,750 

4,429,667 


212, 650 

148, 950 

3,783,225 

2,931 

305,350 


Kegs. 

194, 554 

52, 156 

24,194 

108,928 

79,067 

78,572 

1,915 

257 


2,190 

40,655 

4,980 

1,324,802 

579,080 

322,004 

511,431 

299,072 

171 

3,033 

30,813 

4,734 

23,856 

146,211 

2,345 

182,255 

100,975 

4,130 

7,728 

801 

2,525 

33,423 

22,341 

20,812 

19,818 

426,300 

171,439 

15,733 

2,407,226 

178 

15,486 

2,732 

167,997 

61,948 

44,253 

9,769 

129,164 

48,625 

776,713 

6,630 

108, 980 


Pounds 

5,412,151 

5,761 


13,002 

1,537 

13,942 

8,826 

756 
41 
50 
1,548 
1,008 
5,133 
5,984 
2,234 
1,840 
3,334 
1,680 
1,143 

501 
1,383 

578 
29,691 
10,220 

394 

24,875 

9,162 

227 
7,378 

103 
2,448 
3,061 
8,276 
2,070 

316 

7,089 

4,163 

2,578 

31,935 

50 

673 
2,272 
4,019 
2,090 
5,408 

209 
3,568 
6,546 
3,487 
6,515 

615 


280 
555 
717 
055 
030 
000 
120 
500 
975 
825 
090 
889 
801 
906 
298 
448 
442 
500 
899 
645 
122 
182 
166 
757 
385 
480 
443 
750 
034 
951 
568 
258 
850 
041 
922 
689 
073 
775 
050 
840 
491 
640 
037 
700 
615 
844 
171 
032 
795 


a  7, 908, 892 
6197,722,300 


235,828,587 


27,349,909 


o8,623,001 
6215,575,025 


255, 154, 787 


Pounds. 

3,547,481 

69,200 

20,000 

116,800 

10,650 

788,344 

1,000 

100 


6,000 
3,460 


1,906,280 

177,350 

4,950 

19,425 

861, 815 

21,700 


18,650 

2,000 

143,058 


80 

44,039 

39,200 

1,341 

182, 500 

2,500 

2,175 

615,925 

1,041,155 

200 

50 

48,701 

388,000 

2,000 

13,832,192 


1,500 


230, 116 

2,300 

5, 142, 100 

400 

373,480 

203,700 

4,476,595 

1,928 

334,800 


34,685,240 


460,900,796 


505,415,052 


a  Kegs  of  25  pounds  each. 


&  Pounds. 
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Tabli  5.—  Yearly  salts  of  short-flame  explosives  used  in  coal  mints  in  (he  United  States, 

1901  1916. 


Year. 

Quantity 

sold. 

1 

Year. 

Quantity 
sold. 

1901 

Pounds. 

1909 

Pounds. 
8  942  857 

19QB 

1 1 .  300 
291,661 
608,270 
1,031,300 
1,533,675 
2.095,244 
2, 108, 610 

1910  

11  820  836 

1903 

1911   . 

13,428,239 
18  150  618 

1904 

1912 

1905 

1913  

21  N04  285 

1906 

1914    

19,593  892 

1907     

1915 

21  841  659 

1916 

26, 566, 521 



Tabi  e  (i. 


-Quant it//  of  permissible  explosives  used  in  different  coal  fields  in  the  United 
States,  1911-1916. 


Cool  Gelds  and  regions. 

1911 

• 

1912               1913 

1914 

1915 

1916 

1.  Pennsylvania  anthracite  field 

2.  Northern  Appalachian  region  a 

3.  Southern  Appalachian  region 

4.  Eastern  interior  held 

Pounds. 

1,917,412 

6,350,272 

3,377,268 

337,012 

255, 050 

1,177,075 

14, 150 

Pounds. 

2.177,172 

9,190,025 

3,995,485 

751,005 

440, 825 

1,473,129 

122, 977 

Pounds. 
3, 294, 225 
9,744,810 
4,481,975 
2, 058,  075 

377, 625 
1.634,575 

213,000 

Pounds. 
4,380,635 
7, 966, 464 
3,510,013 
1,364,450 

411,937 
1,  796, 750 

163.643 

Pounds. 
5,037,050 
9,435r318 
3,447,964 
1,631,775 

433,010 
1,710,992 

145, 550 

Pounds. 
5, 219, 032- 
12, 147, 207 
4,386,757' 
1,949,925 
422, 425- 

5.  Western  interior  field 

6.  Rockv  Mountain  region 

2, 244, 275 

7.  Pacific  coast  region 

196, 900- 

Total 

13,428,239 

18,1.50,618 

21,804,285 

19,593,892 

21,841,659 

26, 566, 521 

a  Not  including  Pennsylvania  anthracite  field. 
MINING  FATALITIES  DUE  TO  EXPLOSIVES. 

Tables  7,  8,  9,  and  10  show  the  number  of  fatalities  clue  to  the  use  of 
explosives  in  the  mining  industry.  In  Tables  7  and  8  are  shown  all  of 
the  explosives  fatalities  at  coal  mines,  and  in  Table  9  those  at  bitumi- 
nous mines  alone.  The  latter  table  shows  a  decrease  in  the  number  of 
fatalities,  as  well  as  in  the  percentage  and  fatality  rates.  Inasmuch 
as  80  per  cent  of  the  permissible  explosives  used  in  coal  mines  are  used 
in  bituminous  coal  mines,  it  is  interesting  to  compare  Tables  9  and  5, 
for  the  former  shows  the  decreased  fatality  rate,  the  latter  increased 
amount  of  permissible  explosives  used  in  and  about  coal  mines.  In 
1903,  9.8  per  cent  of  the  fatalities  at  bituminous  mines  were  due  to 
the  use  of  explosives,  whereas  in  1916  only  2.8  per  cent  were  due  to 
this  cause. 

Table  10  shows  that  from  11  to  14  per  cent  of  the  metal-mine  fatali- 
ties and  19  to  26  per  cent  of  the  quarry  fatalities  are  due  to  explosives. 

DISTRIBUTION  OF  EXPLOSIVES  BY  PRINCIPAL  INDUSTRIES. 

Table  1 1  shows  the  percentage  of  black  powder,  high  explosives,  and 
pcrmissibles  used  in  the  various  branches  of  the  mining  industry. 
Vov  example,  in  1916,  82.1  per  cent  of  the  black  powder  was  used  in 
mining  coal  and  only  3.6  per  cent  for  other  mining.  In  1916,  73.2  per 
cent  of  the  explosives  produced  were  used  in  the  mining  industry  of 
the  United  States,  as  compared  with  72  per  cent  in  1915.  Of  the 
pcrmissibles,  76.6  per  cent  in  1916  were  used  in  coal  mining  and  17.9 
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per  cent  for  other  mining.  Of  high  explosives  only  a  small  percentage 
is  used  for  mining  coal,  and  approximately  50  per  cent  is  used  for 
other  mining. 

EXPORTS  OF  EXPLOSIVES,   1913-1916. 

Table  12  shows  the  amount  of  explosives  exported  from  the  United 
States  during  the  years  1913  to  1916,  inclusive.  In  1913  the  total 
amount  of  gunpowder  exported  was  1,284,422  pounds;  in  1916, 
317,296,135  pounds.  Of  dynamite,  13,399,616  pounds  was  exported 
in  1913,  as  compared  with  19,226,435  pounds  in  1916.  The  tabula- 
tions of  exports  unfortunately  do  not  segregate  such  explosives  as 
picric  acid,  nitroglycerin,  trinitrotoluene,  and  others.  These  are 
grouped  in  the  column  headed  "All  others."  Their  value,  however, 
increased  from  $651,601  in  1913  to  nearly  $392,000,000  in  1916. 
Exports  of  cartridges  in  1913  were  valued  at  slightly  over  $3,000,000; 
in  1916  their  value  was  approximately  $57,000,000. 

Table  7. — Coal-mine  fatalities  due  to  explosives,  1911-1916. 


States. 


Pennsylvania . 
West  Virginia. 

Illinois 

Ohio 


Indiana,  Michigan,  and  Kentucky 

Alabama,  Tennessee,  Georgia,  and  North  Carolina 

Iowa,  Kansas,  and  Missouri , 

Colorado,  New  Mexico,  and  Utah 

Maryland  and  Virginia , 

Montana,  North  Dakota,  and  Wyoming 

Arkansas,  Oklahoma,  and  Texas 

Alaska,    California,    Idaho,    Nevada,    Oregon,    and 
Washington 


Total,  underground . 


1911 


160 


1912 


147 


1913 


138 


1914 


146 


1915 


155 


1916 


96 
3 
6 
5 

10 
3 
9 
4 
3 
2 
J 


146 


Table  8. — Fatalities  due  to  explosives  at  coal  mines  in  1916. 
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13 
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April 

13 

2 

2 

1 

1 

1 

1 

1 

9 

9 

June 

1 

5 

5 

1 

i 

? 

1 

1 
1 

10 
10 

10 

July 

? 

10 

August 

3 

10 

2 

? 

17 

17 

September 

1 

6 

1 

1 

1 

10 

10 

October         

4 
3 

3 

4 
12 

2 
1 

3 

12 
10 
13 

i 

12 

November 

1 

1 
1 

10 

December 

14 

Total 

21 

3 

58 

9 

5 

15 

11 

7 

7 

3 

7 
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TAB!  ■  9. — Fatalities  due  to  explosives  at  bituminous  coal  mines,  1903-1916. 


Year. 

Number  | 
killed. 

Percent  a  ge 

of  total 

killed. 

Number 
kill  (Ml  per 
1.000  em- 
ployed. 

ins 

138 

121 

119 

115 

134 

109 

122 

113 

72 

70 

63 

56 

76 

60 

9.80 
8.64 
7.49 
7.27 
5.29 
6.17 
5.88 
5.09 
3.68 
3.85 
2.91 
3.01 
3.36 
2.80 

0.339 

.  290 



1Q06 

.264 

.246 



.264 



.216 



.244 



1910 

.203 

1911 

.130 

LM2 

.128 

.110 



1914 

.096 

1012 

.100 

1916 

.096 

Table  10. — Number  and  percentage  of  fatalities,  due  to  explosives,  at  metal  mines  and 

quairies  in  the  United  States. 


Year. 

Metal  mines. 

Quarries. 

1911 

Number. 
78 
94 
89 
60 
78 

Per  cent. 
11.22 
14.22 
13.03 
10.73 
14.10 

Number. 
50 
47 
44 
35 
28 

Per  cent. 
26.60 

1912 

22.06 

1913 : 

24.04 

1914 

19.44 

1915 

18.92 

Table  11. — Percentage  of  explosives  used  for  various  purposes  in  the  United  States  during 

1915  and  1916. 


Coal 
mining. 

Other 
mining. 

Railway 
and  other 
construc- 
tion work. 

All  other 
purposes. 

Total. 

1916. 
Black  powder 

Per  cent. 

82.1 

8.2 

76.6 

Per  cent. 

3.6 

51.6 

17.9 

Per  cent. 

5.0 

8.6 

.3 

Per  cent. 

9.3 

31.6 

5.2 

Per  cent. 
100.0 

High  explosives 

100.0 

Permissibles 

100.0 

Total 

44.4 

28.8 

6.5 

20.3 

100.0 

1915. 
Black  powder 

84.8 

9.5 

79.9 

3.4 
46.3 
17.1 

3.6 

9.4 

.5 

8.2 

34.9 

2.5 

100.0 

High  explosives 

100.1 

Permissibles 

100.0 

Total 

45.9 

26.1 

6.4 

21.5 

99.9 
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Table  12. — Explosives  exported  from  the  United  States,  1913-1916.a 


1913. 

January 

February 

March . .'. 

April 

May 

June 

July 

August 

September 

October 

November 

December 


Total. 


1914. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


Total. 


1915. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


Total. 


1916. 


January . . . 
February. . 

March 

April 

May 

June 

July 

August 

September. 

October 

November. 
December.. 


Cartridges. 
Dollars. 


199, 003 
188, 738 
201,418 
378, 119 
192,  200 
230, 803 
237,  222 
139,237 
169,  075 
334,  233 
132,  227 
613, 124 


Dynamite. 


Pounds.      Dollars 


688, 124 
1, 407,  725 

755,540 
1,  737,  233 

543,511 
1, 156,  786 
1,137,244 
1,357,121 
1,365,571 

756, 455 
1, 140, 633 
1,353,673 


3,015,399   13,399,616 


174, 020 

323,  076 

419, 044 

482, 057 

209, 003 

289,  215 

311,  795 

154, 080 

421,  982 

1,452,740 

1,231,235 

1,098,875 


6,567,122 


1,381,970 
1,900,774 
1,616,626 

2,  648, 667 

3,  028, 083 
2,  467, 378 
2,  427,  761 
2,  284, 540 
1,412,144 
2,  241,  729 
1,  737,  673 
2, 260,  734 


25,  408, 079 


Total 56, 996, 854 


3, 343,  497 
3,  616,  702 
4, 174, 827 

3,  963, 133 
5, 390,  715 

4,  230, 033 
4, 134,  765 
6,180,567 

5,  788, 653 

6,  448, 881 
5, 174, 062 
4,551,019 


1,617,036 

1,869,482 

1,501,403 

683, 397 

1,149,834 

521, 752 

428, 610 

1,345,384 

530, 682 

241, 660 

853,515 

553,360 


11,296,115    1,213,600 


74,148 
143,949 

90,680 
187, 909 

56,  769 
123, 804 
129, 624 
154,102 
165,  200 

94, 158 
126, 757 
151,122 


1, 498, 222 


169, 084 

185,391. 

160,211 
79,  736 

113,348 
58, 451 
48, 841 

151,926 
60, 953 
27, 618 
95,183 
62, 858 


337,612 

628,512 

236,  428 

1, 147,  283 

880,376 

529, 377 

892,  665 

870,  777 

1, 695,  643 

1,  208,  921 

1,553,348 

1,465,426 


11,446,368 


3,312,621 
2, 004,  604 
1, 807,  480 

1,  470, 616 

2,  214, 652 
1,  608, 051 
1,  296,  415 

759,  762 
1,  203,  682 
1,  698,  472 

795,  290 
1,054,790 


38,518 

77,  827 

29, 563 

147,  283 

106, 878 

76,631 

100,  899 

110,353 

203, 753 

158,  452 

233,  690 

225, 203 


1,509,050 


19,  226,  435 


622, 932 
474, 408 
413,  268 
360, 034 
466, 568 
524,115 
368,  759 
151,  966 
333, 525 
425,  756 
172,  927 
195,  939 


4,510,197 


Gunpowder. 


Pounds. 


98, 059 

393, 733 

36,  475 

67,  456 

88, 743 

30,306 

72,425 

71,923 

158, 842 

107, 098 

85,012 

74, 350 


1, 284, 422 


239,  736 
25, 004 
65, 030 
38,512 
23,487 
27,  966 
13,451 
30, 948 

193, 037 
90, 982 
93, 064 
55,352 


896,569 


Dollars. 


22,019 
162,303 
8,049 
12,917 
25, 862 
10, 913 
21,242 
21,099 
27,367 
14,561 
15, 260 
18,  263 


359, 855 


77,360 

4,661 

27, 166 

9,759 

4,289 

6,173 

2,788 

16, 821 

65,  465 

24,395 

24,587 

27, 989 


291,453 


372, 085 

73, 015 

181, 043 

645,  690 

1,591,136 

4,376,677 

5, 504,  772 

6,653,841 

11,183,468 

9,  679,  904 

20, 892,  232 

23,204,516 


84, 358, 379 


13, 149,  659 
13,  483,  939 
20, 066, 043 
26, 997,  792 
27,487,570 
34,  759,  298 
35,108,319 
32,518,538 
40,173,559 
20,211,272 
38, 124,  884 
15,215,262 


317,  296, 135 


129,617 

34, 884 

65, 481 

417,919 

1,048,607 

3, 234, 549 

4, 567,  929 

5,296,118 

8, 026,  411 

7, 169,  728 

16,  730, 384 

20, 201, 180 


66, 922, 807 


10, 104, 525 
12, 043,  610 
16, 868, 622 
22,  245,  946 
21,300,333 
29, 187,  938 
28, 050, 026 
26,  299, 669 
34,  886, 942 
15,  735, 102 
34,  718,  981 
12,349,157 


All  other. 
Dollars. 


72, 320 
41, 231 
34,631 
86, 422 
48,623 
49, 406 
28, 347 
49,794 
54, 170 
39, 535 
43, 973 
103, 149 


651,601 


64, 192 

184, 825 
47, 672 

180, 152 
80, 028 
40, 443 
40, 782 
26, 336 

187,510 
56,305 
76,502 

980, 665 


1,965,412 


1, 059,  961 

1,020,904 

1,081,860 

2, 863,  014 

4, 439,  777 

5,911,186 

9, 329, 303 

6,  967,  046 

8,  743, 149 

16, 851, 970 

13,495,527 

23, 366,  260 


Total. 
Dollars. 


367, 490 
536,  221 
334,  778 
665, 367 
323,  454 
414, 926 
416, 435 
364,232 
415,812 
482, 487 
318,217 
885, 658 


5,525,077 


484, 656 

697, 953 

654,093 

751,  704 

406,  668 

394, 282 

404, 206 

349, 163 

735,  910 

1,561,058 

1,427,507 

2,170,387 


10, 037, 587 


95, 129, 957 


12, 569, 635 
32,  235,  724 
29,159,515 
29,351,236 
41,384,610 
28, 484, 459 
38,681,413 
42,293,211 
34,  615, 989 
27, 519, 820 
37,  705,  275 
37,  845,  860 


263,790,851  391,846,747 


2, 610, 066 

3, 034, 389 

2,  793, 530 

6, 076, 883 

8,623,345 

11,689,744 

16,  425, 892 

14,  658, 057 

18, 385,  457 

26, 421, 879 

32, 197,  274 

46, 053, 377 


188, 969, 893 


26, 640, 589 
48,370,444 
50, 616,  232 
55,920,349 
68, 542, 226 
62,426,545 
71,  234, 963 

74,  925,  413 

75,  625, 109 
50,129,559 
77,  771,  245 
54,941,975 


717, 144, 649 


a  Compiled  from  "Monthly  Summary  of  Foreign  Commerce  of  the  United  States,"  published  by  the 
Bureau  of  Foreign  and  Domestic  Commerce,  Department  of  Commerce. 
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PERMISSIBLE    EXPLOSIVES   TESTED   PRIOR   TO    MARCH   31,    1917. 

By  S.   P.  Howell. 

The  following  table  contains  the  brand  name,  class  designation, 
grade  of  detonator  or  electric  detonator  prescribed,  unit  deflective 
charge,  rate  of  detonation,  and  the  name  of  the  manufacturer  of  each 
of  the  153  permissible  explosives  that  had  been  tested  by  the  Bureau 
of  Mines  prior  to  March  31,  1917. 

All  of  these  explosives  are  subject  to  the  conditions  and  provisions 
detailed  in  Technical  Paper  100.a 

\  _       

a  Howell.  S.  P.,  Permissible  explosives  tested  prior  to  Mar.  1  (with  supplementary  list  to  July  1),  1915; 
Tech.  Paper  100,  Bureau  of  Mines,  1915, 16  pp. 


16 


PRODUCTION    OF   EXPLOSIVES  IN    UNITED    STATES. 


CO 


S 


A, 
73 


5* 


bo 

9  ft 

1 

x-^ 

6 

9 

c3  p^^ 

a 

9 
(—1 

'3 

-^ 

00 

6 

£ 

^2 

^3^3 

03 

6 

CD 
H 

9 
*5 
W 

9 
9 

Q 

CO 

1 

co 
% 

ork,  N.  Y. 
Powder  Co., 

table   Pow 
ag  Co.  and 
wder  Co., 

CO  >H 

CD^ 

co  i*-* 

O     ~ 

81^ 

OS 

X 

n,  Del 
Do. 

Equi 
acturi 

0 

X   O 

3 

W>- 

Ph 

^ W^H 

~ '      O      O      O      O      O                K, 

.         O      O      C      Or-, 

0  d  0  0 

c3 

a 
-•J 

0) 

5 

fiftfiQ 

^                           CD 

o        cp  ~9 
+j          rt   9 

"■*3 

-<J 

w 

H 

< 

--  -i. 

^ 

oo 

COOOCOON 

Ol  Oi 

C5  00  T^  ©  ©  T-C 

CO  00  Ol  Tf 

9  d 

<s 

•<f 

O  O  co  co  -^ 

co  o 

O  CO  CO  00  lO  0 

rf  oi  00  co 

.  ?^a 

■*OHGC* 

^  Ol 

CO  i-H  Ol  Ol  ©  C35 

00  Od  I>  00 

93 

CO 

S  CO         of  CO  of  of  rH 

of  of 

CO  CO  CM  Ol  CO  CO 

Ol  Ol  Ol  Ol 

O   Jh 

^> 

o 

•S  -u 

HO 

SJ 

—   SH 

."W 

^ 

c3   oS 

s 

60 

Pi   o 

^H 

3^ 

73  9 

o 

o  o  o  o  o 

©  © 

©©©©©© 

©  ©  ©  © 

£, 

Ol 

CO  N  H  CO  lO 

CO  lO 

LO  Oi  Ci  CO  ©  © 

CO  -^  01  © 

O  00 

t>j  CO         QCOOONN        OS  Ol 

0O  Ol    Tfl   T+<    O    00 

co  0  i—i  co 

rt-9 

g  of 

t^  OS  t^  OS  tF 

!>•  t^ 

©  ©  l>  t^  ©  CM 

0  £>■  a  Oi 

8^ 

1— 1  1— 1                i—l  i—l 

rt-H- 

f*H 

60 

o 

t^ 

H  H  Tf  ^  CO 

©  © 

LO  rf  O  (M  N  CO 

Tf   t— I    l—<   CO 

t^ 

^O^HN 

00   T}H 

lO   lO  CO   Tt<  Ol    r- 1 

os  ©  co  © 

.   >  fli 

oi<M 

CM  CO  CO  Ol  Ol 

OI  Ol 

Ol  Ol  Ol  Ol  Ol  CO 

Ol  CO  Ol  CO 

Unit 
eflect: 
chargi 

g 

e 
&. 

tt 

73 

fii    o^ 

i 

1 

73 
cd 

CO 

1 

o 
4^ 

QJ.JH       O 

9 

9- 
c3 

P 

CD 

73 

*-<    w    o 

OQ 

,9 

+9 

p. 

-  cd   c3 
to         9 

CO 

6  c        > 

d 

d  c 

0  c 

cd 

r9 

>> 

cc 

73  73  "73  "O  I> 

cot: 

nji  73  *"9  73  ^9  "^ 

73  73  73  73 

$ 

+3 

natoi 
ably 
deto 

o 

9 

o 
9 

"3 

c 

ft 

c 
S5 

6 

ft 

i 

60 

•i-H 

CD   9 

ft 

c 

c 

02  "£» 

CO    2 

cS  9 

<* 

1— t  T+H     O  i— 1     C 

6  o 

d  c            0  tf 

6   OHrt* 

a 

co   co  73   co  *C 

73  73 

t3  t3  73  73  73  oq 

73  73  co  00 

a 

CO     CO 

CO 

co 

CO     CO 

5 

0 

c 

ej   03 

uZ3 

5 

^ 

5 

03  J5 
65 

(               1 

d^ 

1         Ol 

73 
9 
c3 

< 

IC 

5       6 

;& 

i 

:& 

< 

:h4 

C 

V 

i        h  m  ^  vn  a 

.           CD 

•  1 

m 

a 

)          (D    0)    CJ    il)T 
J        73  73  73  73   £ 

3       73 

> 

h4 

'J 

\  i-H 

CO  -"tf1  LC  00 

g 

:        £  fs   £   £  | 

>          O  i— ( 

CM  -<ti  10  CO  l>   ° 

0  d  d  0 

C 

0 

>         O   O    O    C    ? 
i,       ft  Ph  ft  a^ 

i          i— 1  i— I  i— I  i— I    ci 
1          c3    c3    ci    c3    r 

in         ft     . 
<         ^h    O 

5           O  ^ 

.T   .   .   .ft 

0  0  0  0  0  „ 

iteN 
iteN 
iteN 
iteN 

c 
C 

c 
C 

>  O    O    O    O    f 
)        O  V  CD  o  ^_ 

t         c3   c3   c3   03   c 
5        9  9  9  9  + 

>  -(-J     +->     +--     -t-J      i- 

4  r— ,     CD 

5  S    OC 

7373737373  9 
CD    0)    CD    CD    CD*9 

umin 
umin 
umin 
umin 

+ 

6C  on  blD  bJO  bC-M 

+j+j  +j  +j 

a 

>       a>  a;  o  o  a 

J          CD  -^ 

<t 

J      < 

{< 

H 

1" 

iP 

1       PC 

J  PC 

1 

PC 

IPC 

)pc 

ip: 

ipc 

iP 

) 

PC 

IP 

IPC 

JPQ 

PRODUCTION    OF    EXPLOSIVES   IN    UNITED   STATES. 


17 


a 


5 
~  .O, 

2   r 

u 

fa  «-> 

■f  _:  — 
c  o 


o  o  o  o 


o  o  o 


«8 

o 

O'O"^  o  o 


o 

o 

o     _ 


o  o  o 


o  o  o  o 


Ho 

pH> 

o  o  o      *,.  o 


o  o  o  o 


V    V    <-J    u    f  v-*'    v»>    u    v»>    V    *»  vj    w    "J    <~>    >_>    V  t-H       .wwwvjwv.isj  fc,.    >-*    w    >~>    ^    V 


e«,H 


fa 


5« 


O1 


CM         N^OOMO 

-«r      o  n  «  n  w  co 
oo      v  x  cr.  (N  c  CO 


CO 


©  00  CO  CM  OO 

OCOCOr-iCO 
CM  CO  CO  N-  CO 


ONCDOlNlOlO 

NXionooO'* 

■*COOCOC(NN 


HCOHNHCDOiOO 
TjHHNCOHC0Tt*O5 

i— i^»oc<iooioa5io 


N-  tF  CO  ■<*"  I> 
*C  CM  CM  CO  N 

OOiOHiOO 


CO  i— I  CM  CO  <M  CO        COCOCOCMCO        CO  CM  CM  CM  CO  <M  CM        CO  CM  CM  CM  CM  CM  CM  CO        CM  CM  CO  CO  CM 


ccoooo     ooooo 
c  ci  cc  oo  cc  1C      CM  io  co  o  >o 

H  O  CNN  C5  IC05  C5  CJO 


8 
© 

of  >-i  ©"©"©"af©*     ©~©~©~oo~©~ 

i— I  r- 1                 rHpHf-HpHi— li— ( 


o  o  ©  ©  o  ©  o 

OO  CO  i— 1  N-  TT  eft  © 

CO  OO  N  O  H  t(i  O 


©©©©©©©© 
©COCOTfCMCMN-© 
COOT-^COCMCOCOOO 


©©©©© 
N  OO  ^f  OS  © 
CO  CM  CM  >0  N- 


rH  N-  00  N-  ©  N  ©         ©  N-  00  N-  ©  00  ©  rH         ©  00  ©  rH  © 


i— T  -«f  00  ©  Tf  lO  N-  ©COO©© 
00  ©  O0  ©  i— I  ©  CM  CO  CO  Oi  ©  lO 
CM        CMCMCOCMCMCM         CMCMCMCMCM 


(NiO»CN^U5CD 
©  ©  CM  CM  ©  t£  CM 
CO  CO  CO  CO  CO  CO  CM 


WCOOHr- 1©©00 
COOiHNOlOWCO 
CMCMCOCMCOCMCMCM 


»NM*N 
N-  N-  ©  N 
CM  CM  CO  CM 


I 


o  o  o  o  o  o 

rC  ^O  T2  *"0  r0  T3 


ooooo 

*"0  ^O  rO  r0  pO 


o  o  o  o  o  o  o 

p^3  ^O  rC?  rO  r0  rC  rO 


oooooooo   oooo 

rO  ^3  ^C-*  ^CJ  *"0  *o  *0  *^3       *^  *^3  ^o  *o 


e    .  e    .  e 

I— I  TF  rH  Tfi  rH 

r.    do    -s.    y.    m 

QOOOQ 


TT<    O    O 
0Qr^rO' 


O    O    O    O    O    O  rH 

Ti  TJ  T3  "O  ""O  fO  m 


Otj*   O   O   OH   OtJI 


OOOOO 

^0  *"0  *"0  *^2  ^C^ 


o 


o 


<  <<<  < 

1    I    I   I 

CM  CM  CO  iO 

©odd 

«h    U    u   u 

o  <v  o  a> 

£   £   £   £ 
OOOO 

z.  z~  _  o.  _; 

oooo 

s  £  a 

1 


»««mmo 


i 

CM  CM  CO  Tt<  >0  «C 

d  6  d  d  o  6 

O   O   O   O   O   <DVJ 
•+j  -*j  +-»  -'-'  +j  -*j  rs 

•|H  TH  •-<  --H  -iH  •!-( 

C  m   B  C   S  C  CD 
o  o  o  o  o  0.-+5 

TO    3    03    TO    c3    W    O 


fa 


i    i    i    i    i^; 

rH  CM  CM  CM  CO  CO 

o"  d  o"  o'  o'  6^2 
^^^^^^^;  o 

OOOOOOOO-, 

-t— ■    -t—     -i--     -t-J     -t-J     ■»-<     -I— '      OQ 
.— 4   --H   '"H  --H  -r-l  --K  >^- 

C3C3C3C3C3C3C303 
OOOOOOOO 

oooooooo 


£d 


fa 


rH  rH  CM  CM  CO 

o"  o'  d  d  d 

^^^^^ 

I— <   F— (   I— I  I— I   I— I 

03    C$    03    03    03 
•  iH  •!-(  -fH  «»^  -iH 

ooooo 
ooooo 

Ph  Oh  Oh  P-,  a, 
DQ  GQ  00  OQ  00 
r— <  i— <  p-^  r-H  i-H 
03    03    03    03    03 

ooooo 

ooooo 


18 


PRODUCTION   OF   EXPLOSIVES  IN    UNITED    STATES. 


T3 

a 

'B 

a 
o 

Q 


4 


•ft. 

■^3 


& 


r 

**•> 

•rH 

«a 

i — i 

■r-< 

o 

o 

03 

o 

a 
»— i 

•8 

9 

o^ 

o 

1 

6  _ 

Ctf 

Nem 
,  Del. 

wder 
Pa. 

o 

n3  o 

P^ra 

«+H 

to  ^" 

a>  3 

a  a      a)  3 

a 
a 

O     • 
K  O 

■3,5 

°'c 

rQ^! 

O  +5 

.  p- 

W>H 

ss 

d-§^ 

•as 

03   £ 

a  ® 

ooooooooooo      " 

o       " 

flPfipfiPflfififlflpJ  J 

«-!  = 

'fitfd 

"S^ 

Q 

Q 

Q 

-^ 

d 

w 

d 

Ss 

oo 

OST^t^Tt^T^COrH^t'O'-Ht^CO 

co  co 

O  OS 

a  a) 

CO 

COCO-^OMiOTjHrf^OOOJ 

CO  00 

CO  CO 

••"•    blD 

ft*** 

co 

IOMOMOOOIOOJO»OCOH 

Tfl   lO 

a  cm 

a  3 

a 

o 

co~ 

CO<MCOCM<N<M<MCM<MCOCOCO 

<Mi-l 

CM  CO 

•l-H    +2 

o 

■+J      (H 

^j 

V 

TO    C3 

a 

CO 

a  w 

FS} 

cp  o 

t3  a 

s 

©OOOOOOOOOOO 

OO 

OO 

•a 

Is 

A. 

HMONOONWCOOJOOlOOi 

OS  O 

t-H  CM 

«4H 

O  CO 

^r 

CD 

CDOOOSOOINWCOOCOOOOtJ* 

O  CM 

CO  !>• 

g 

o 

HI>05000005COOiCOHOO 

COiO 

o  o 

HO 

c 
o 

r-H 

t-H                                                           rH  i— 1  r— 1 

!— 1 

&H. 

co 

O 

rt< 

NMNOONCONMNCOM 

Oi<N 

CO  i—l 

CM 

MNOO^COMHCOHlMCO 

Tfl  OO 

Jt—  1 — 1 

^•H     6 

CO 

(M 

CNCnJCMCOCMCMCnJCOCM<MCM<M 

CM  CO 

CM  CO 

Uni 
eflect 
charg 

•d 

£>  o'ti 

1 

1 

o>  o 

02    4-> 

^rH      *H      „, 

0) 

a 

a^ 

h    O    5 

50  .    a 

Of) 

to 

p— i 

,3 

C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

C 

c 

c 

<d  ra 

>> 

CO 

•Tci'dha,^,T3hd,73^d,^'cs,^n3 

f~  CO 

-CC 

,a.£ 

natoi 
ably 
deto 

o 

a 

a 

6 

6  6 

r^^ 

• 

too 

•i-< 

00    n 

■S.S 

c 

e 

e 

c 

OD    >J» 

r— 1 

OOO-^i— 1    O    O^r iOOO 

6   TjH 

i— 1  CM 

to  a 

03 

XS^^     or,     OQ'Ca     03     03^^^ 

^a  03 

03    03 

r-H 

o 

J 

-03    03 

c3  cS 

03     03 

o3  c3 

C3 

03    c3 

i— 1  r— 1 

r— H  I— 1 

r-H  i 1 

q 

QQ 

QQ 

Q 

QQ 

r— 
C 

r—i 

txi 

rH 

p* 

fo  S 

'd 

*§ 

< 

;>< 

f5 

1 

i  tf 

.5-L. 
.  5,  sp€ 
.  6-L. 

i — 

r" 

1 

r-H 
<  I— 1 

o 

Ph 

i— i 

TO 

d 

© 

i— i 

,0 

M 

fed      -  O    O    O    O    O 

O    O 

O 

•rH 

PQ 

M^^r^^r^rZ;^ 

r^r^ 

.Q 

03 
03 

'I 

u 

jH^SHjHrHrHrHrH 

^      *H 

!  ft 

o> 

oooajcooa) 

<U    CV^h 

^5 

SCM 

^3 

H3i-csrdhd,'a^T5'^o*d'T3' 

£ 

££!s££££;-:d£:£d 
oooooooo^oo^- 

PhO 

o 

a)  a 

•P    o 

a  eg 

0    r^i 
PM0 

aS 

p< 

h 

0) 

•rH 

a>o>a)a><xicvcpciicua>  cu.rH 

•rH  T-t  -r-i  --H  -rH  -i-H  'H  'H  -rH  •  rH  •  r-j      rH 

'3Ph 

p— I 

JZj  ^  3  3  S  £h  !^H  S  i— 1   £h  r- 1      O 

2^ 

O 

OOOOOOOOOOO^h 

C 

> 

c 

)C 

)t 

>t 

>C 

)C 

)t 

►C 

)C 

"'- 

;C 

)C 

) 

c 

t- 

( 

P 

ips 

J 

PRODUCTION   OF   EXPLOSIVES  IN   UNITED  STATES. 


19 


o 


g/2 


5 


o 


B 

£ 

O    .. 
PhCh 


oa 


I 


o 


P-.° 


o 
O 

£  o> 

OQ 

el 
g3 


•^      n  IF  ° 

0>  S    °    PJ      • 

a  0-90,3 


3>  <d^W  BT^'Cdb 


odd  d  d  ctfc5       a  ddd-Saodd  d'O^'Sjf   •  ^  S  3 

no  w  w    W    £    h 


o  o  o 


_  d 

^  ^M  M  M  W 

S3 


r^XXNO 

C  N  n  O  ^  IN 

t- -iooo® 


o  oo 

©  i— I 
CO  i— I 


OHH00 
CM  ©  ©  CO 

io  co  co  t^ 


NCOIN'^ 
CO  CO  00  CO 
■^  CO  iO  CO 


CO 


© 

CO 


© 
CO 
00 


M 


(NM(N(NCON         COCO        CO  CO  CO  CO        CO  CO  CO  "*        CO 


CO 


HC5NHO 
CO  ©  OO  CO  »o 
TT1  Tt<  CO  CO  <M 

coco~coco~TtT 


OS 


CO 


© 

© 

©©©©©© 

N  ^i  iH  N  C3  05 
00  CO  ©  CO  ©  lO 

00  ©  t>  ©  ©  00 
i— 1 

©  © 

i— i  co 

00  CO 

©  © 

I— I  r-H 

11,  550 

10,  830 

10,  830 

8,980 

©©©© 

©  ©  r-  © 

©  ©  Tf  © 

t^  t>  00  CO 
rH 

s 

00 

© 

CO 

© 
l—l 

© 
© 
CO 

© 

00 
00 

CO 

OO'fMiOH 
CO  CO  CO  CO  CO  (N 

©  00 
CO  CO 
CO  CO 

I>-  lO  1^  lO 
CO  CO  CO  CO 

lO  CO  CO  CO 

rt<  r-»  »o  in 

CO  CO  CO  CO 

© 

CO 

CO 

U3 
CO 

1— 1 

CO 

©©©©©     © 

rfi  ©  rH  lO  -^         Tt* 
©  p— I  r-H  ©  ©  t>« 


t^  00  i— I  t^  CO 


© 


iO  ©  ©  CO  © 


CO 


CO  rf<  ©  CO  ©         lO 
COCOCOCOCO        CO 


o  o  o  o  o  o 

""w  "^  *"0*  TJJ  "X?  ""O* 


o  o  o 

TJ  T3  TJ 


o  o  o 

""O"  TJ  ""U"  t» 


©        O0 


O   O   O   O   O 

TJ  fO'  "~C  ""O  "73 


o      o      o      o 
55     £     fc     £ 


.9 


5 


O    O   O  rH    o   o 

3 


(MOO 


Q 


O  o  o  o 

73  *T3  H3  ""d 


5 


6 


o  o  o 

T3  T3  rC/  "O 


oco 


rH 


rH        CO  CO  ^  »0  © 


O 

0> 

-►- 
■  «-* 

§ 
3 


O  O  O  o  o 

£££££;« 

a?  ©  a>  o  <d  d 
-*j  -m  -*-i  +-•  -<->  »-^- 

§  §  c  c  a  m 
3  3  3  3  5  2 

i.   C   t,   l   ^   S 

fe  fe  (Jh  fe  fc  fo 


©  t-~  00 

d  d  d 
a)  a>  a> 

T3  TJ  TJ 
^   ^   ^ 

o  o  o 

Ph&iPh 

a  a 


XI 


Cl 


aa 
i  i 

'rt'3 
o  o 

a  a 

•r-l  •!-( 

OO 


d 

'3  6 

rH      (h 

.3  3 

oo 


CO  CO  CO 

&  a  a  25 

•-H  •>-<  '-H  " 

73T3rO  e3 

c3   c3   o3   CJ 
3   s   -j   © 

OOOW 


CO 

d 
a» 
o 

Ph 

oi 
O 
o 

o 

s 


O 


•a 


I        I 

CO  ^  to  © 

6  6  6  6 

0)0)0)  o>>: 
P^PhPhPh^ 

o>   O"   <X>   0)  ."S 
-^>  hj  ^  7^3   H 

■+i  -«j  -*j  +j  y 

•  iH  •!-!  '-H  •— J    o 


w 

I 

CO 

d 

Jz; 

•a 


O 

- 


20 


PRODUCTION   OF   EXPLOSIVES   IN   UNITED  STATES. 


< 

^" 

B 

be 

n 

,0 

S 

~£! 

o  -t-3 

CD 

pE 

0) 

c  d 

"d 

-t-3   <^> 

■4-3 

5f  n 

fl 

0   0> 

o 

•d73 

Pm 

rd,  o 

1— 1 

-5 

^ 

.  o 

HH 

°  t? 

c  3 

K 

PQ 

a  o> 

a° 


.e 


S3 


O    O    O    Opn 


o  0 

P  cj  o 


o 

§» 

ns  o 

«.f 

dod  6d  6  d'd^ 


Jp<S 


£h 


o  o  o  o 


<i 


w 


o> 

a 
5 

•rH 

a 
o 
O 


SO 


a, 

73 


o 


n 

(D 

bfi 

a 

73 

o 

(h 

+J 

<+■> 

>H 

rt 

cd 

a 

u 

o 

+3 

,d 

55 

o 

73 

a 

*(-H 

O  CO 

0> 

>. 

3 

x> 

CO         CO         CM  CC  00  t-  OS 

SO        TJH         O  O  lO  CO  CM 
lO        -"f        Cs|  OS  CO  rt<  »o 


OlOS-^-^-^OSr-CO         O5NO0H 
Tf*  -^  ^  r-<  CM  (M  i— I  CO  O  rH  CO  CO 

r-i^OCOWN^iO         ONNO 


COCM<N<M  CO 


M  (N  CO  M  CO  (N  r- ICO         CO  C<J  CO  CM 


e. 


73  ^ 


o  ooooo  opoooooo  oooo 

O  f-  Tt^  CM  O  00  COCOOCNOlQlOO  l^  CO  00  CO 

CM  O  lO  N  O  m  COOC3IOCROON  00  (N  03  t- 

r-T  d'aiooooi-f  c>  oo  cZ  cc  c£  oo  ^r' r-4  oTt^coccT 


rt 


CO 


co      ooh^co 

OS  i— I  T  n1  CO  CO 

CM        CO  CO  CM  CM  CM 


O  CM  t— I  O  "^  CO  rH  CO  C5  CO  00  t- 

COlOCOlOCOlOCMi— I         CO  -*f  T}<  CO 
CMCMCMCMCMCM^CM        NlNNN 


^3 


*    0<~ 


H      w     _-   ®     2     C      !>. 


CO 

d 


o 

13 


C    O    C   O   O 

7T  73  73  73  73 


o  o  o  o  o  o  o 

'l!  "w  'v  'C'C  t  "J 


OOOO 

73  73  73  73 


COD 
00  n 

CD    M 

3a 


CM 


^f         O   C  r- 1   o   o 
m        73  73    qq  73  73 

a 


Q      O 


O 

M 
M 

O 
CD 


p 

I 

lO 
CM 

CO  coo 


o 


OOOOOO-tfi— I 
737372737373    oo    CO 

CO     03 
c3    C3 


oooo 

73  'O  73  73 


fe 


CM  CO  "*•  lO  CO  t^  O0 


CC    !— < 

w  73 

6  § 


CU    CO    o 

=!   C  fl 


o  o 

'd  i-d 
a  a 

CO    CO 

■fi-s 

OT     00     OQ     03 

CO    CO 

c  a 


o  o 


a  a 

CO    CO 


O    CO 

a  a 


o  o 

£;£ 

73  73 

a  a 

CO    CO 

•S-c 

O!     03 

CO    CO 

a  e 


^^5 


^Sl 


CM  CO  rt<  iO 

d  d  d  d 

CO  CO    CO    CO    ID 

go  ^       ,n,n   n,n 
Si  O        OOOO 

OOOO 


PROIHVTION    ()]■     EXPLOSIVES   IN    UNITED   STATES. 


21 


c 
£ 

5 


c 


-r 
o 


o  c 


o 

_ 

h 
I 

i 

o 
p : 

«° 
ft  Id 

w 


a  a 


o  o 


O 


a?  g 

-S3 


8,2 

J^ 

O    O    O    O    O    O    O    >>^    w 

go  .O 

P-.  O 


oooooooooo 


38         ©  X: 

c  c  r^-       mo 
HOO        "cf<  iO 


©cMoorHiomiocM 

C-.-OOOCDHN 
ONNOhQMOO 


Th  O  ■<*<  r— I  CO  CO 
CO  CO  CO  CM  rH  O 
©  CM  rH  !N  T*<  CO 


t>oocooocMr-co©©co 

Tt<COCOCOCO'^COtO'<^lO 
©©©CMiO©©©Tf<CO 


CO  CO  T         TTCO        COCMCMCMCOCOCMCM        CM  CO  CO  CO  CM  CM         COCOCOCOCM<NCMCMeM<N 


©  ©  © 

ZC  i-O  X! 

CO  ©  CO 


©©      ©©©©©©©© 
©  ©       r-©oo©aoia©<N 

lON        00  CM  ©  t>  CO  ©  tO  t* 


©©©©©© 
CM  ©  GO  ©  CM  OS 
©  lO  CO  iC  ©  © 


©©©©©©©©©© 

©©rHCM©f~CMCMCMCM 
©©I— l©"^©©t^©t^ 


©  ©  co 


©!>00©©©I^© 


©  ©  ©  ©  t>.  t-~ 
t— I  I— (  1 — I  Q 


©©©©00©©000000 


OOHM 

© 

CM  CM  CO 


00©         ©  CO  00  t*»  00  i— I  00  "^ 
©  r- I  CO  O  O  ©  r- IHNCR 

CM  CM         CM  CM  CM  CM  CM  CM  CM  CO 


O  ©  ■*  lO  iO  M 
i— I  ©  i— I  t^  ©  lO 
Tf  CO  0*  CM  CM  CM 


OSLOr- l®00WHr> I  O  <M 
•^•iO©©CM©©i— ICMCM 
CMCMCMCOCOCOCOeOCOeO 


o  o  o 

"O  ^  TJ 


o  o 


oooooooo 

""O  ""O  r^  *"©  ""O  rO  *"©  '"O* 


o  o  o  o  o  o 
""Ci  *&  ""©  ""O  T3  ""CJ 


oooooooooo 
n^  ""C  r©  rO<  ""O  *"©  T3  pO  *t3  rO 


.g 
4. 


O   O  t* 
T3-0-   a, 

GO 


e 

O  rH 
DO 

a 

r— < 


OOOOOOOCO 

"■O  "d  "O*  T3  T3  X  T5  or, 

•    CO 

5 


O    O  CO    O  CO  rH 
•"O  'O*   do  T3   oq   rn 

li 

f— (  I— I 


o 


OOOOOOOOOO 
T3  ""d  go  X)  XJ  ""D"  ^S  ""d  ""d  nd 

03 


H 

h 

CD 

o 

W  CO  'f  W  CD  N  X    Pi 

o'  d  d  o'  o'  d  d  'rf 

HhhwhfIh  S 
T3  Ti  T3  T3  TJ'C  "O  'r7 

ooooocpcpc 


o 
52! 

u 

<v 

o 

h-i  l-Ta  W  1-3  j^1 

^    i^    j_    ^    c3 

0)  cp  o  o>  o 

TlTt'OXl   U 

£  £  i?  £  H     . 
O   O   O   O  J-3     . 

C3     Cj     C3     d     rS     n\ 

ooooSS 
o  cj  cj  o  bb-M 

fl     C     rt     Eh     P     O 

_c3  _c3  _c3   03  tc3    f3 

'o,'o>'os'o>,o,  2 
HHHHHH 


fa  :  :fa 

co  •*  »o  COCO  N  00  00 


oooooooo 


CDOOOOCOOOOCU 

dddddpflddd 
d  d  ^  p  d  d  d  d  d  3 
H  H  H  £  H  H  H  H  H  H 


22 


PRODUCTION    OF   EXPLOSIVES  IN    UNITED   STATES. 


u 
d 

I 

a 


d  © 

£d  d 


<2,d 

*3     3 


o  * 

CM    r 


9 


o 
Q 

CD 

I- 

.    Qi  Q 

OOOO"— 'OOOOO 

AQAQ  g  flflpfififi 

w 


T3 

a 

•  l-l 

-(J 

d 

o 
Q 


©3 


S12 

-S3 
d  y 

©    O 

tj  d 

O  00 

s  >» 


5s       CO 
SV^eo 


OMHCOiOOO 

cocooooooco 

CO  Tf  <M  CO  <N  CO 


NiOCOOiOO 
Tfi  CO  CO  O  <N 


COCSpOf  CO  of  CO        CO  <M  <M  CO  <M 


S 


ft. 


o 
So 


OOOOOO  OOOOO 

CNJ-^OOCOOiiO  OOHN^Ol 

Oi  rH  Tj<  OO  -^  OS  CO  t>  CO  r— I  rfi 

o"oo~i>so~t--~o~  r-Too"t>o~t-^ 

rH  i— I         rH  rH  I— I 


© 

+J.M     © 

•S  •£»   bJO 

Ptdrd 
a>  © 


?s 

o 


<x>  o 

r-j.    a> 


*-<'h  ao^fi  d 

£   ©   g   ^2 
aT  ©   g   O   >» 

5  — '  +*  o  d 


as 

(M 


00  O  rH  OO  lO  05  CVJ  lO  !>•  tJI  lO 
OS  <M  tJH  O  •*  lO  O  OQ  <M  O  "^t1 
CMCOCOCOCOCM         COCOCOCOCO 


s 


CO 

6 


OOOOOO 
"73  TJ  "73  -"D*  ""O*  "73 


OOOOO 
T$  T3  pO'  ^  rO' 


bX) 

•rH        , 

00     (-1 
CD    H 

oJ  d 


OOOOOO 
t3  rO'  "t3  *t3  ""D*  t3 


OOOOO 
TTJ  T?  T3  T3  "73 


d 


o 


o 


CM  CO  -"tf1  »0  «C 
OOOOO- 

o  ©  ©  a>  ©  _ 
^j  +J  -»j  +j  +j  © 

•  r-l   TH  -r-t  •r-l  'r-l    -»J 

h    tn    ^    h    t<  ■  H 
O    O    O    O    O  T-J 

be  be  bn  be  bo  rv 

.r-,   .rH   .pH  "IH    ;rH      r— I 


<M  CO  "^  lO  CO 

6  6  6  6  6 


^O  "73  rrjj  rrj  rrj 

Oh  P-,  Ph  Ch  d< 


PRODUCTION    OF   EXPLOSIVES  IN   UNITED  STATES.  23 

PUBLICATIONS  ON  INVESTIGATIONS  OF  EXPLOSIVES. 

A  limited  supply  of  the  following  publications  of  the  Bureau  of 
Mines  has  beep  printed  and  is  available  for  free  distribution  until  the 
edition  is  exhausted.  Requests  for  all  publications  can  not  be 
granted,  and  to  insure  equitable  distribution  applicants  are  requested 
to  limit  their  selection  to  publications  that  may  be  of  especial  interest 
to  them.  Requests  for  publications  should  be  addressed  to  the 
Director,  Bureau  of  Mines. 

The  Bureau  of  Mines  issues  a  list  showing  all  its  publications  avail- 
able for  free  distribution  as  well  as  those  obtainable  only  from  the 
Superintendent  of  Documents,  Government  Printing  Office,  on 
payment  of  the  price  of  printing.  Interested  persons  should  apply 
to  the  Director,  Bureau  of  Mines,  for  a  copy  of  the  latest  list. 

PUBLICATIONS    AVAILABLE   FOR   FREE   DISTRIBUTION. 

Bulletin  17.  A  primer  on  explosives  for  coal  miners,  by  C.  E.  Munroe  and  Clar- 
ence Hall.     61  pp.,  10  pis.,  12  figs. 

Bulletin  48.  The  selection  of  explosives  used  in  engineering  and  mining  opera- 
tions, by  Clarence  Hall  and  S.  P.  Howell.     1914.     50  pp.,  3  pis.,  7  figs. 

Bulletin  59.  Investigations  of  detonators  and  electric  detonators,  by  Clarence  Hall 
and  S.  P.  Howell.     1913.     73  pp.,  7  pis.,  5  figs. 

Bulletin  66.  Tests  of  permissible  explosives,  by  Clarence  Hall  and  S.  P.  Howell. 
1913.    313  pp.,  1  pi.,  6  figs. 

Bulletin  80.  A  primer  on  explosives  for  metal  miners  and  quarrymen,  by  C.  E. 
Munroe  and  Clarence  Hall.     1915.     125  pp.,  51  pis.,  17  figs. 

Bulletin  96.  The  analysis  of  permissible  explosives,  by  C.  G.  Storm.  1916.  88 
pp.,  3  pis.,  7  figs. 

Technical  Paper  6.  The  rate  of  burning  of  fuse  as  influenced  by  temperature  and 
pressure,  by  W.  0.  Snelling  and  W.  C.  Cope.     1912.     28  pp. 

Technical  Paper  7.  Investigations  of  fuse  and  miners'  squibs,  by  Clarence  Hall 
and  S.  P.  Howell.     1912.     19  pp. 

Technical  Paper  12.  The  behavior  of  nitroglycerin  when  heated,  by  W.  O.  Snel- 
ling and  C.  G.  Storm.     1912.     14  pp.,  1  pi.,  2  figs. 

Technical  Paper  18.  Magazines  and  thaw  houses  for  explosives,  by  Clarence 
Hall  and  S.  P.  Howell.     1912.    34  pp.,  1  pi.,  5  figs. 

Technical  Paper  52.  Permissible  explosives  tested  prior  to  March  1,  1913,  by 
Clarence  Hall.     1913.     11  pp. 

Technical  Paper  69.  Production  of  explosives  in  the  United  States  during  the 
calendar  year  1912,  compiled  by  A.  H.  Fay.    1914.    8  pp. 

Technical  Paper  71.  Permissible  explosives  tested  prior  to  January  1,  1914,  by 
Clarence  Hall.     1914.     12  pp. 

Technical  Paper  78 .  Specific-gravity  separation  applied  to  the  analysis  of  mining 
explosives,  by  C.  G.  Storm  and  A.  L.  Hyde.    1914.     14  pp. 

Technical  Paper  89.  Coal-tar  products  and  the  possibility  of  increasing  their 
manufacture  in  the  United  States,  by  H.  C.  Porter,  with  a  chapter  on  coal-tar  products 
used  in  explosives,  by  C.  G.  Storm.     1915.     21  pp. 

Technical  Paper  100.  Permissible  explosives  tested  prior  to  March  1,  1915,  by 
S.  P.  Howell.    1915.    16  pp. 

Technical  Paper  125.  The  sand  test  for  determining  the  strength  of  detonators, 
by  C.  G.  Storm  and  W.  C.  Cope.     1916.     68  pp.,  2  pis.,  5  figs. 
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Technical  Paper  145.  Sensitiveness  to  detonation  of  trinitrotoluene  and  tetra- 
nitromethylanilin,  by  C.  B.  Taylor  and  W.  C.  Cope.     1916.     11  pp. 

Technical  Paper  146.     The  nitration  of  toluene,  by  E.J.  Hoffman.     1916.     32  pp. 

Technical  Paper  160.  The  determination  of  nitrogen  in  substances  used  in  explo- 
sives, by  W.  C.  Cope  and  G.  B.  Taylor.     1917.    47  pp.,  5  figs. 

Miners'  Circular  7.  Use  and  misuse  of  explosives  in  coal  mining,  by  J.  J.  Rut- 
ledge,  with  a  preface  by  J.  A.  Holmes.     1913.    52  pp.,  8  figs. 

Miners'  Circular  19.  The  prevention  of  accidents  from  explosives  in  metal 
mining,  by  Edwin  Higgins.     1914.     16  pp.,  11  figs. 

PUBLICATIONS    THAT   MAY   BE    OBTAINED    ONLY   THROUGH   THE   SUPER- 
INTENDENT   OF   DOCUMENTS. 

Bulletin  10.  Thes  use  of  permissible  explosives,  by  J.  J.  Rutledge  and  Clarence 
Hall.     1912.     34  pp.,  5  pis.,  4  figs.     10  cents. 

Bulletin  15.  Investigations  of  explosives  used  in  coal  mines,  by  Clarence  Sail, 
W.  0.  Snelling,  and  S.  P.  Howell,  with  a  chapter  on  the  natural  gas  used  at  Pitts- 
burgh, by  G.  A.  Burrell,  and  an  introduction  by  C.  E.  Munroe.  1911.  197  pp.,  7 
pis.,  5  figs.     25  cents. 

Bulletin  51.  The  analysis  of  black  powder  and  dynamite,  by  W.  O.  Snelling  and 
C.  G.  Storm.     1913.     80  pp.,  5  pis.,  5  figs.     10  cents. 

Technical  Paper  17.  The  effect  of  stemming  on  the  efficiency  of  explosives,  by 
W.  O.  Snelling  and  Clarence  Hall.     1912.     20  pp.,  11  figs.     5  cents. 

Technical  Paper  85.  Production  of  explosives  in  the  United  States  during  the 
calendar  year  1913,  compiled  by  A.  H.  Fay.     1914.     15  pp.     5  cents. 

Technical  Paper  107.  Production  of  explosives  in  the  United  States  during  the 
calendar  year  1914,  with  notes  on  coal-mine  accidents  due  to  explosives,  compiled 
by  A.  H.  Fay.     1915.     16  pp.     5  cents. 

Technical  Paper  159.  Production  of  explosives  in  the  United  States  during  the 
calendar  year  1915,  with  notes  on  coal-mine  accidents  due  to  explosives,  and  a  list  of 
permissible  explosives,  lamps,  and  motors  tested  prior  to  June  1,  1916,  compiled  by 
A.  H.  Fay.    1916.    24  pp.     5  cents. 
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